Previous working memory (WM) studies found that relative to controls, subjects with cannabis use disorder (CUD) showed greater brain activation in some regions (e.g., left [L] and right [R] ventrolateral prefrontal cortex [VLPFC], and L dorsolateral prefrontal cortex [L-DLPFC]), and lower activation in other regions (e.g., R-DLPFC). In this study, effective connectivity (EC) analysis was applied to functional magnetic resonance imaging data acquired from 23 CUD subjects and 23 controls (two groups matched for sociodemographic factors and substance use history) while performing an n-back WM task with interleaved 2-back and 0-back periods. A 2-back minus 0-back modulator was defined to measure the modulatory changes of EC corresponding to the 2-back relative to 0-back conditions. Compared to the controls, the CUD group showed smaller modulatory change in the R-DLPFC to L-caudate pathway, and greater modulatory changes in L-DLPFC to L-caudate, R-DLPFC to Rcaudate, and R-VLPFC to L-caudate pathways. Based on previous fMRI studies consistently suggesting that greater brain activations are related to a compensatory mechanism for cannabis neural effects (less regional brain activations), the smaller modulatory change in the R-DLPFC to L-caudate EC may be compensated by the larger modulatory changes in the other prefrontal-striatal ECs in the CUD individuals.
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Introduction
The expanding decriminalization of cannabis in the United States has brought forth debate and scrutiny regarding potentially detrimental cognitive effects of cannabis. Both animal (Rubino and Parolaro, 2014) and human (Schweinsburg et al., 2008a; Martin-Santos et al., 2010; Wrege et al., 2014) studies show that cannabis use disorder (CUD) is associated with altered working memory function (Solowij and Battisti, 2008; Crean et al., 2011; Schoeler and Bhattacharyya, 2013 ) and other cognitive dysfunction (Quickfall and Crockford, 2006; Bhattacharyya et al., 2012; Batalla et al., 2013) . Improvement of cognitive function is a potential treatment target for CUD (Sofuoglu et al., 2010) and other substance use disorders (SUDs) (Sofuoglu, 2010; Sofuoglu et al., 2013) .
Thus, in light of the increasing cannabis use in the United States (SAMHSA: https://www.samhsa.gov/), a better understanding of the neurobiological mechanisms underlying altered cognitive functions in CUD would be helpful for improving existing treatment and developing new strategies for treatment.
Working memory (WM), defined as the ability to retain information temporarily for further processing, is thought to be a core component of cognition that underlies performance of a number of lower-order specific cognitive functions (Funahashi, 2017) . Several functional magnetic resonance imaging (fMRI) studies investigating WM in CUD have been published (Jacobsen et al., 2004; Kanayama, et al., 2004; Jager et al., 2006; 2010; Padula et al., 2007; Schweinsburg et al., 2005; 2008b; 2010; Nestor et al., 2008; Becker et al., 2010; Smith et al., 2006;  
